Family history of asthma and allergies strongly influences asthma risk in children, but the association may differ for early-onset persistent, early-onset transient, and late-onset asthma. We analyzed the relation between family history and these types of asthma using cross-sectional data from a schoolbased study of 5,046 Southern California children. Parental and/or sibling history of asthma and allergy were generally more strongly associated with early-onset persistent asthma compared with early-onset transient or late-onset asthma. For children with two asthmatic parents relative to those with none, the prevalence ratio for early-onset persistent asthma was 12.1 [95% confidence interval (CI) ϭ 7.91-18.7] compared with 7.51 (95% CI ϭ 2.62-21.5) for early-onset tran-sient asthma and 5.38 (95% CI ϭ 3.40 -8.50) for late-onset asthma. Maternal smoking in pregnancy was predominantly related to the risk of early-onset persistent asthma in the presence of parental history of allergy and asthma, and the joint effects were more than additive (interaction contrast ratio ϭ 3.10, 95% CI ϭ 1.45-4.75). Our results confirm earlier data that parental history of asthma and allergy is most strongly associated with early-onset persistent asthma and suggest that among genetically predisposed children, an early-life environmental exposure, maternal smoking during pregnancy, favors the development of early-onset asthma that persists into later early childhood. (EPIDEMIOLOGY 2001;12:577-583) 
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Many studies have shown that family history of asthma and allergy increases the risk of asthma in children. 1 On the basis of data from a prospective birth cohort, Martinez and colleagues 2, 3 have proposed that parental history of asthma and allergy relates most strongly to earlyonset asthma that persists into later childhood, as opposed to early-onset transient or late-onset asthma. Few data have been presented by these different categories of asthma. Rusconi et al 4 recently reported, in cross-sectional data from Italy, that parental history of asthma was most strongly associated with early-onset persistent wheezing.
If parental history of asthma and allergy leads preferentially to early-onset persistent asthma, this predisposition has ramifications for studying early-life environmental factors, because genetics and environment appear to interact in asthma etiology. 5 We postulated that a relevant early-life exposure, maternal smoking during pregnancy, might lead to early-onset persistent asthma among the genetically predisposed.
We examined the association between family history of asthma and allergy and risk of early-onset persistent, earlyonset transient, and late-onset asthma using cross-sectional data from the Children's Health Study, a school-based study of children 9 -16 years of age residing in 12 Southern California communities and enrolled between 1993 and 1996. We also examined whether parental history might influence the association between maternal smoking during pregnancy and the three classes of asthma: early-onset persistent, early-onset transient, and late-onset asthma.
Subjects and Methods
Details of the baseline enrollment have been previously published. 6 In brief, we designed the Children's Health Study to examine health effects of long-term exposure to the air pollution mix in Southern California. We chose 12 Southern California communities on the basis of historical measurements of air quality, demographic factors, and a cooperative school district. In the spring of 1993, we enrolled the initial group of 3,681 students comprising approximately 50% fourth graders (9 -10 years of age), 25% seventh graders (12-13 years of age), and 25% tenth graders (15-16 years of age) in public schools. We enrolled an additional 497 children in the fifth grade (10 -11 years of age) and eighth (13-14 years of age) during 1994 and 2,081 additional students in fourth-grade classes during 1996 for a total of 6,259 children.
Parents or guardians completed a self-administered questionnaire during the school year of entry into the study. The questionnaire contained items on history of respiratory illness and symptoms, other medical history, residential history, smoking and other exposures in the home, and family history of asthma and allergy. Parents completed the instrument in English or Spanish depending on their preference.
For this analysis, we classified medically diagnosed asthma on the basis of a "yes" response to the question "Has a doctor ever diagnosed this child as having asthma?" or by the response of "asthma" to questions on specific diagnoses of respiratory illnesses at different ages. Using these questionnaire responses, we classified the age of onset into early (up to and including age 3 years) and late (after age 3 years). We assigned children to "persistent" asthma if parents reported that the child had had one or more episodes of asthma in the past 12 months, any wheezing in the past 12 months, medication use for asthma or wheezing in the past 12 months, or emergency room visit or hospitalization for wheeze or asthma in the past 12 months. On the basis of age at diagnosis and persistence, we placed children into one of three groups according to the schema of Martinez et al 2 : early-onset persistent, early-onset transient, and lateonset asthma.
We assigned children to the category of "wheeze or asthmalike illness without diagnosis of asthma" if their parents responded with "yes" to at least one of the above items on asthma episodes or asthma medication use, but did not report a doctor's diagnosis of asthma. This category also included children whose parents did not report a doctor's diagnosis of asthma but gave a "yes" response to 1 of 11 questions regarding whether a child had ever had wheezing with or without colds, exercise, or shortness of breath, or whether the child had ever had nocturnal awakening as a result of wheezing or had ever required medical attention or treatment for wheezing. Because we asked about age at onset only for children whose parents reported a doctor diagnosis of asthma, we could not further classify children in the category of "wheeze or asthma-like illness without diagnosis of asthma" by age at onset.
Children who did not meet the above criteria for "medically diagnosed asthma" or "wheeze or asthma-like illness without asthma diagnosis" were classified as having "no wheeze or asthma." We excluded subjects who could not be classified into any of the five categories as a result of missing or "don't know" responses (134 subjects).
To reduce misclassification of parental history of asthma and allergy, we restricted the analysis to subjects for whom a biologic parent completed the questionnaire, which resulted in the deletion of 483 subjects from the total study population. Maternal history of asthma was determined by response to the question "Has a doctor ever said that your child's biologic mother had asthma?" We determined maternal history of allergies by response to the question "Has a doctor ever said that your child's biologic mother had hay fever or allergies?" Responses to identical questions referring to the child's biologic father determined paternal history of asthma and allergies. We excluded subjects with missing or "don't know" responses to any of these four parental history questions (596 subjects), leaving 5,046 children for analyses of parental history in relation to asthma.
We classified the 3,921 children who reported having one or more full siblings as having a sibling history of asthma if they reported one or more siblings in response to the question "How many-if any-of these brothers and sisters have been told by a doctor that they have asthma?" We classified sibling history of allergies by a response of one or more siblings to a parallel question on "hay fever or allergies."
We considered subjects exposed to maternal smoking during pregnancy on the basis of a "yes" response to the question "Did your child's biologic mother smoke while she was pregnant with your child? Include time when she was pregnant but did not yet know that she was." For analyses of this variable, the dataset was reduced to 5,022 subjects. A "yes" response to the question "Does anyone living in this child's home currently smoke cigarettes, cigars, or pipes on a daily basis inside the home?" constituted current smoking in the home. Subjects responding "yes" were also asked "Who smoked inside this child's home on a daily basis?" with the choices of "mother," "father," and "other." We ascertained past smoking with an analogous pair of questions about past daily smoking in the home.
STATISTICAL ANALYSIS
We calculated prevalences separately for each of the four outcomes-early-onset persistent asthma, early-onset transient asthma, late-onset asthma, and "wheeze and asthma-like illness without doctor diagnosis"-in combination with the common comparison group of "no wheeze or asthma." We calculated prevalence ratios and then 95% confidence intervals using Proc Genmod in SAS Version 8.1 (SAS Inst. Cary, NC).
We evaluated possible confounding by design variables (community of residence or year of entry into the study) and by known and suspected risk factors for asthma obtained on our questionnaire. These factors included age, sex, race, parental income and education, dogs or cats in the home, household vermin, houseplants, water damage in the home, mold or mildew in the home, gas stove use, air conditioner use, number of siblings, maternal smoking in pregnancy, daily current smoking in the home, past daily smoking in the home, and medical insurance coverage for the child. Owing to nonconvergence in multivariate models for the sparsest outcome category of early-onset transient asthma in Proc Genmod in SAS, we assessed confounding on the odds ratio scale using logistic regression (Proc Catmod in SAS) among the 4,210 of 5,046 subjects with nonmissing data on all potential confounders. Because the family history variables were strongly associated with the outcomes but not appreciably associated with these potential confounders, which were less strongly associated with the outcomes, adjustment for these variables, either singly or in combination, did not appreciably alter the crude prevalence ratios. Therefore, we present only the unadjusted prevalence ratios.
To assess confounding of association with maternal smoking during pregnancy, we evaluated the effect of adjustment for terms for past daily smoking in the home and current daily smoking in the home. Inclusion of these two terms or six separate terms for past or current smoking by mother, father, and other persons did not measurably alter the crude results for maternal smoking during pregnancy. Thus, we present prevalence ratios for maternal smoking in pregnancy from models including only the other term, parental history of asthma or allergy, in Table 3 .
To assess the additivity of joint effects of maternal smoking in pregnancy and parent history of asthma and allergy, we calculated the interaction contrast ratio (previously referred to as the "relative excess risk for interaction") and its 95% confidence interval (95% CI) from the prevalence ratios using the method of Hosmer and Lemeshow. 7 We calculated the interaction contrasts and 95% CIs from the prevalence rates as described by Rothman and Greenland. 8 The interaction contrast and interaction contrast ratio take on the value of zero when the joint effects of two factors are simply additive. 8
Results
Among the 5,046 subjects, 729 (14%) had a parental report of doctor-diagnosed asthma. Among these 729 children with asthma diagnosis, we classified 219 as having early-onset persistent asthma, 106 as having early-onset transient asthma, and 404 as having late-onset asthma. We classified 950 subjects (19%) into the category of "wheeze or asthmalike illness without asthma diagnosis." The remaining 3,367 (67%) composed the common comparison group of "no wheeze or asthma."
Parental asthma was strongly associated with the prevalence of doctor-diagnosed asthma of all three types (Table  1) . Early-onset persistent asthma generally was associated more strongly with parental history of asthma than either early-onset transient or late-onset asthma ( Table 1) . Subjects with two asthmatic parents, relative to those with none, had a prevalence ratio for early-onset persistent asthma of 12.1 (95% CI ϭ 7.91-18.7) compared with 7.51 (95% CI ϭ 2.62-21.5) for early-onset transient and 5.38 (95% CI ϭ 3.40 -8.50) for late-onset asthma.
Parental history of allergy was associated with childhood asthma less strongly than parental asthma (Table 1) . Parental history of allergy was associated most strongly with early-onset persistent asthma and least strongly with earlyonset transient asthma. For subjects with two allergic parents relative to none, we found prevalence ratios of 5.11 (95% CI ϭ 3.68 -7.12) for early-onset persistent asthma compared with 1.83 (95% CI ϭ 0.98 -3.41) for early-onset transient asthma and 3.50 (95% CI ϭ 2.68 -4.57) for late-onset asthma ( Table 1) .
Maternal and paternal histories of asthma related about equally with asthma outcomes in the child (Table 1) . Paternal history of asthma was slightly more strongly associated with early-onset transient asthma than maternal history, but small numbers in this outcome category limit precision. The associations between parental allergy and the child's asthma also differed little according to which parent was affected.
To assess the risk of asthma in children according to parental history of asthma and allergy together, we created an index based on Litonjua et al 9 (Table 1 ). Relative to children with no parental history of asthma or allergy, we observed a stronger association with earlyonset persistent asthma than with either early-onset transient asthma or late-onset asthma for each level of the combined parental allergy and asthma variable. The only exception was for subjects with no asthmatic and one allergic parent in cases in which the prevalence ratios for early-onset persistent and late-onset asthma were essentially identical (2.01 vs 2.21, respectively). For each outcome, having a parent with asthma and atopy conferred a stronger association than having only one parent with asthma or allergy alone (Table 1) .
Among subjects reported to have a full sibling, we created mutually exclusive categories combining parent and sibling histories to assess the independent contribution of sibling history of asthma and allergy ( Table 2 ). Sibling history of asthma was strongly associated with all three types of asthma even in the absence of parental asthma. As with parental history alone, we generally found the strongest associations between sibling history and early-onset persistent asthma. Adjustment for number of siblings, which was inversely associated with all outcomes (data not shown), did not appreciably alter the associations between the various outcomes and sibling history of asthma or allergy.
Maternal smoking during pregnancy was moderately associated with both types of early-onset asthma and with wheeze and was least strongly associated with late-onset asthma ( Table 3 ). We considered whether parental history of allergy or asthma might modify the association between maternal smoking during pregnancy and specific types of asthma. In stratified analyses, among children with a parental history of asthma or allergy, maternal smoking in pregnancy appeared to relate most strongly to early-onset persistent asthma. In contrast, among children with no parental history, maternal smoking in pregnancy was associated predominantly with the other three types, particularly early-onset transient asthma and wheeze.
To assess effect-measure modification on the additive scale, we created indicator variables for the four combinations of parental history of asthma or allergy and maternal smoking in pregnancy (Table 3 ). For earlyonset persistent asthma, we found evidence that the joint effect of maternal smoking in pregnancy and family history of asthma and allergy was more than additive. Maternal smoking alone did not increase risk. For subjects with both maternal smoking in pregnancy and a parental history of allergy and asthma, the observed prevalence ratio was 6.16 (95% CI ϭ 4.18 -9.07) compared with a predicted prevalence ratio of 3.05 for additive joint effects. The interaction contrast ratio was 3.10 (95% CI ϭ 1.45-4.75), and the interaction contrast was 0.087 (95% CI ϭ 0.035-0.139). For the other three outcomes, the joint effects of maternal smoking in pregnancy and parental history of asthma and allergy did not appreciably depart from additivity (Table 3 ).
Discussion
Numerous studies have shown a strong association of asthma risk in children with family history of asthma and allergies. 10 Nevertheless, few data relate family history to the asthma subtypes of early-onset transient, early-onset persistent, and late-onset asthma, which appear to have different associations with various risk factors. 2, 4 Consistent with reports by Martinez et al 2 and Rusconi et al, 4 we found a stronger association between parental history of asthma and early-onset persistent asthma as opposed to early-onset transient asthma or late-onset asthma. Parental history of allergy, particularly having two affected parents, also related most strongly with the risk of early-onset persistent asthma. As in previous studies, 1, 4, 9 we observed greater associations between childhood asthma risk and family history of asthma than family history of allergy.
We found that sibling history of asthma, even in the absence of parental history, was strongly associated with asthma and, as with parental history, the association was strongest with early-onset persistent asthma. A strong and independent contribution of sibling history of asthma and allergy, beyond the contribution of parental history, could be consistent with shared early-life environmental factors or the interaction of genetics and the early environment.
To evaluate the possibility that genetic susceptibility, approximated by parental history of asthma and allergy, modulates the association between very-early-life exposures and the various asthma types, we examined maternal smoking during pregnancy.
Maternal smoking in pregnancy was mildly associated with wheezing and all three asthma types. Among those with parental history of asthma or allergy, however, maternal smoking in pregnancy was predominantly associated with early-onset asthma that persists into later childhood. The joint effects of maternal smoking in pregnancy and parental history of asthma and allergy in relation to early-onset persistent asthma were more than additive, suggestive of a possible biologic interaction.
Although it is difficult to distinguish the independent effects of prenatal and postnatal maternal smoking, early exposure to a mother who smokes clearly increases the risk of wheezy illness and asthma in children, 11 and increasing evidence implicates prenatal maternal smoking per se. 12, 13 Maternal smoking during pregnancy correlates with reduced lung function in newborns, measured before hospital discharge, who have not yet been exposed to postnatal smoking. 14 -17 Maternal smoking in pregnancy has also been associated with pulmonary function decrements in schoolaged children in this study 18 A biologic interaction between maternal smoking in pregnancy and family history of asthma and allergy is plausible. Asthma is a chronic inflammatory disorder of the airways, and airway inflammation is related to the immune response. 20 The development of asthma in young children relates to the persistence of the T-helper 2 (Th-2) immune responses that characterize normal pregnancy. 21 Increasing evidence points to the influence of the in utero environment on the developing fetal immune response. 21 T-cell priming commonly occurs transplacentally to antigens encountered by the mother in the last trimester of pregnancy, with Th-2 skewing of these primed T-cells. 21 In mice, cigarette smoke promotes release of Th-2 cytokines after antigen challenge. 22 Smoking also primes human neutrophils, leading to an enhanced inflammatory response to activators and production of tobacco anti-idiotypic antibodies that can continue this priming after smoking cessation. 23 Antibodies of this type could cross the placenta and stimulate fetal antibody formation. 24 In addition, during the third trimester, cigarette smoking blocks the decrease in circulating numbers of mature T-cells, particularly helper T-cells, seen in nonsmokers. 24 Infants with a family history of atopy and asthma have reduced production of interferon gamma, a Th-1 cytokine. 21 It is possible that in the infant with a genetic predisposition to asthma and allergy, the influence of maternal smoking on the subsequent development of immune responses favoring asthma could be heightened.
We are not aware of other data addressing the possible interaction of maternal smoking during pregnancy and parental history of asthma or allergy in relation to childhood asthma. Agabiti et al 12 reported that current maternal smoking was related to current asthma among children 6 -7 years of age in the presence of parental asthma history, but only to wheeze in the absence of parental history.
Like many epidemiologic studies of childhood asthma, ours has several weaknesses. We classified children as asthmatic on the basis of parental report of a doctor's diagnosis rather than on objective measures of bronchial responsiveness. Misclassification of asthma would most likely bias results toward the null if nondifferential with respect to family history. In addition, the findings of Martinez et al 2 and Rusconi et al 4 were based on report of wheeze rather than asthma diagnosis. Unfortunately, we lacked data on the age of onset of wheezing for children without a reported doctor diagnosis of asthma. Earlyonset transient wheezing is reported to be very common, 2 whereas in our data early-onset transient asthma was not. Classifying a large number of early transient wheezers into our category of wheeze and asthma-like illness without asthma diagnosis limits our power to study early transient illness. Furthermore, ascertainment of a history of transient wheezing in early life among older children will likely result in misclassification of some early transient wheezers into the comparison group. Parents may not consistently report the symptoms of children whose wheezing resolved long ago. If this underreporting does not depend on family history, it would probably bias results toward the null. The cross-sectional nature of these data also poses the danger of differential misclassification. We ascertained parental history of asthma simultaneously with report of asthma in the child. Thus, the pattern of associations seen in our study, as well as in the study of Rusconi et al, 4 could result from biased parental reporting of childhood asthma or wheeze contingent on family history, or, conversely, from child's asthma or wheeze influencing reporting of family history. Kulig et al, 25 using prospective birth cohort data, found that fathers' reports of their atopic histories changed after their infants developed atopic dermatitis. This same distortion occurred when mothers provided the father's history of atopy. The data of Kulig et al, 25 however, provide reassurance in that the child's development of atopic disease did not influence the mother's report of her atopic history. Furthermore, distortion in reporting of paternal history did not occur when the infant had developed atopic manifestations other than atopic dermatitis. 25 We cannot evaluate the possibility of recall bias in parental responses directly in our cross-sectional data. To decrease both differential and nondifferential misclassification, we restricted the analysis to subjects for whom a biologic parent completed the questionnaire. Because we based our assessment of parental history on the report of one parent, generally the mother, we examined whether the results were similar for questionnaires completed by mothers and fathers and found that they were.
We did not find stronger associations between childhood asthma and history of asthma in the mother vs the father. Stronger associations for maternal history have been inconsistently observed in the literature. 26 Recent data suggest that differences in risk conferred by maternal vs paternal history might depend on the specific allergen to which the asthmatic child responds. 27 In summary, in this school-based study of Southern California children, family history of asthma and allergy was associated most strongly with the risk of early-onset persistent asthma. We also found preliminary evidence that parental history of asthma and allergy may influence whether an early environmental exposure, maternal smoking during pregnancy, results in early-onset asthma that persists into later childhood. If confirmed, these results may be relevant to the study of early-life environmental exposures, such as air pollution, for which associations with asthma have been postulated but have been difficult to detect. 28 Other early-life exposures may be differentially related to childhood asthma depending on age at onset and persistence of asthma, and these relations may differ according to genetic predisposition.
